Energy demand of a wastewater treatment plant is mainly based on the volume of wastewater treated and organic load. In order to obtain energy efficiency in wastewater treatment plants, these significant parameters should be considered. Dairy wastewater has a high organic content. In this study, the impact of design organic loading parameter on energy cost for a dairy wastewater treatment plant was investigated. The aim of the study is in order to reveal the role of design biological oxygen demand on energy efficiency. A new development model that is energy cost indicator has been used. This index was figured out for both design organic load and operational organic load. The results revealed that energy cost indicator of operational organic load was higher than design organic load that were 2.1 x10 -8 and 7.2x10 -18 , respectively. If WWTPs are operated at design organic load, energy cost would be lower.
Introduction
Wastewater treatment plants (WWTPs) are widely used to protect the receiver water bodies from hazardous wastewater discharges [1] . These plants are regarded as one of the top energy consumers [2, 3] . High energy consumption causes the high operational costs of the WWTPs. Energy demand of a plant majorly depends on two operational parameters which are the volume of treated wastewater (wastewater flow rate) and organic load (biological oxygen demand (BOD5), chemical oxygen demand, total organic carbon etc.) [4] . It should be focused on these two operational parameters in order to provide energy efficiency and to minimize the energy costs in WWTPs. Especially for industrial wastewater treatment plants, organic loading rate and wastewater flow vary in general.
Operational parameters of the industrial WWTPs do not match the design parameters. This mismatch can be originated from the change of production capacity, various process water usages and the modifications of process types for industrial wastewater treatment plants. This mismatch has a negative impact on the performance of the WWTPs and their energy costs. Among industries, the dairy industry is one of the most pollutant plants due to the wastewater generated and discharging highly organic wastewaters [5, 6] . The dairy industry, like most other agroindustries, generates strong wastewaters characterized by high biological oxygen demand (BOD) and chemical oxygen demand (COD) concentrations representing their high organic content [7] . This paper aims to reveal the role of design organic load on energy efficiency and cost. The effect of design organic loading parameter (BOD5) for a dairy wastewater treatment plant on energy cost was investigated and benchmarked with the operational organic load by using energy cost indicators.
Materials and Method

Description of the dairy wastewater treatment plant
The dairy industry is located in Turkey. The main products are drinking milk, fruit juice, cream, milk powder, yoghurt and butter. The main wastewater resources are the clarification, pasteurization and homogenization processes. The wastewater plant's characteristics used in this study were given in Table 1 . The wastewater analysis results were performed using Standard Methods [8] . This plant is a type of small-scale plants. Figure 1 shows the wastewater treatment process flow diagram. 
Energy Cost Indicator (ECI) Calculation
Energy cost assessment is based on the model developed by 
Energy cost indicator (ECI) is derived from the performance index (Z), the model includes the volume of treated wastewater per year (V) (m 3 /year) and biological oxygen demand (BOD5) (g/m 3 ). In this study, ECI values of design organic load (ECI organic load, design) and operational organic load (ECI organic load, operational) were figured out and benchmarked with each other. In this term, the variable parameter is BOD5 that means to the required oxygen quantity for the stabilization and the degradation of the organic matters such as carbon, proteins and fats by the microorganisms in the wastewater. It also corresponds to the organic load in other words. The calculation tool of ECI for small scale WWTPs was given below (Eq.2) [2, 9] .
ECI=1983.10 6 V 0.717 e (-14 .327 BOD 5 +0.660Z)
(2)
Results
The results revealed that energy cost indicator of operational organic load was higher than the design one whose values were 2.1x10 -8 and 7.2x10 -18 , respectively. Figure 2 shows the assessment of the indicators. BOD5 is the meaning of biological oxygen demand for the degradation of the organic matters in the wastewater. It is an indicator parameter of organic load in terms of wastewater treatment. According to the model, if organic load (BOD5) is lower, the cost indicator is higher on the contrary. As a result, if the WWTPs are operated under the conditions of design parameters, energy cost indicator would be lower.
Discussion
There are many studies corresponds to this topic. The use of cost functions is generally used in the literature. Most of developed models for the wastewater treatment process have been implemented to estimate the operational and maintenance costs of the processes. [16] reported an over cost for the WWTPs.
Conclusions
This study shows that energy cost indicator and the performance index can be used as a calculation tool to determine the energy costs of a wastewater treatment plant.
The results show that energy cost indicator of operational organic load was higher than the design one. Their values were 2.1x10 -8 and 7.2x10 -18 , respectively.
If organic load that is closed with BOD5 parameter is lower, the energy cost indicator is higher, on the contrary. So if the plants are operated under the conditions of design parameters, energy costs would be lower.
